Non-invasively imaging multiplex microRNAs (miRNAs) in living cells is pivotal to understand the physiological functions and pathological development due to key regulator roles of miRNA in gene expression. However, smart delivery system with large gene loading capacity, biocompatibility and responsiveness remains a significant challenge. Herein, we successfully incorporate DNA-capped Au nanoparticles (NPs) and their complementary fluorescent DNA sequences into a porous 3D hydrogel network (AuDH), in which hairpin-locked DNAzyme and active metal irons were loaded (AuDH/M n+ /H) for simultaneously imaging multiplex miRNA in living cells.
Materials and reagents:
Copper (II) chloride dihydrate (CuCl 2 ·2H 2 O), magnesium chloride hexahydrate (MgCl 2 ·2H 2 O), zinc chloride (ZnCl 2 ) and trisodium citrate dihydrate were purchased from Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). Tetrachloroauric acid (HAuCl 4 ) was provided by Toronto Research Chemicals Inc. (Toronto, Canada) . All the reagents were of analytical reagent grade. Ultrapure water generated from the Millipore Milli-Q water purification system (Billerica, MA, USA) was used in all experiments. Phosphate-buffered saline (PBS, pH 7.4, 10 mM, 137 mM NaCl), Dulbecco's modified Eagle's medium (DMEM) and fetal bovine serum (FBS) were provided by Life Technologies Corporation (Los Angeles, CA, USA). The oligonucleotides strands in our experiments were obtained by Sangon Biological Engineering Technology & Services Co., Ltd. (Shanghai, China). All of the nucleotides strands were purchased from GenePharma (Shanghai, China) and diluted in diethy pyrocarbonate (DEPC) water for further use. The sequences were presented as follows: 
CTTATCAGACTGATGTTGATGGGCCTCTTTCTTTTTAAGCGAGAGTATCTTTT TCAGTCTGATAAG
In the absence target, the P1 strand in the T1-P1-T3 structure just has two bases (the red letters with underline) available for H1 recognition, which could not effectively induce the hybridization and displacement reaction to form the DNAzyme for Cu 2+ recognition. In presence of target miR-21, P1 hybridized with miR-21 through the site of miR-21 recognition (the red letters, 5 bases) to form P1/miRNA-21 duplex structure and expose the site (the green letters, 8 bases) for effective H1 recognition on the P1 strand.
As shown in Fig. S4 , polyacrylamide gel electrophoresis analysis was performed to verify the dual signal amplification. The T1-P1-T3 structure was formed by the annealing of T1, P1 and T3 strands, resulting in a band (top in Lane 1) with a high molecular weight (MW). In the presence of target miR-21, the P1 hybridized with miR-21 (band 2, Lane 2). When the H1 was added into the mixture of miR-21 and T1-P1-T3 (Lane 3), an obvious new band was obtained (band 3). The adding of miR-21, H1 and Cu 2+ (Lane 3) into T1-P1-T3, the lowest band (band 4) was clearly observed in Lane 4, which was assigned to DNA fragment from hairpin-locked DNAzyme nicking. 
